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Нефтяная промышленность – составляет одну из важнейших частей 
экономики России, которая формирует бюджет страны. 
Состояние ресурсной базы нефтегазового комплекса на сегодняшний 
день является достаточно острой проблемой. Нефтяные ресурсы истощаются, 
большая часть месторождений эксплуатируется на последних стадиях 
разработки. Важной и первоочередной задачей является поиск и разработка 
новых и высокоперспективных месторождений нефти и газа. Таким 
месторождением является месторождение Х. На сегодняшний день это одно 
из крупнейших месторождений на территории России.  
Данное месторождение имеет некоторые особенности: 
- по запасам нефти уникальное, многопластовое, крупное; 
- характеризуется сильной заболоченностью территории, в 
весенний период большие части территории затопляются паводковыми 
водами; 
- территорию месторождения разделяет на правобережную и 
левобережную часть река Обь. 
Месторождение имеет сложное строение продуктивных горизонтов. 
Выделяют три пласта АС10, АС11, АС12, которые имеют промышленные 
запасы. Коллектора горизонта АС12 относится к аномально 
низкопродуктивным, а  АС10 и АС11 к  низкопродуктивным. Пласт АС12 имеет 
самые значительные запасы по сравнению с пластами АС10 и АС11, но при 
этом имеет очень низкое значение коэффициента проницаемости, по этому 
разработке данного пласта необходимо уделить особое внимание, а именно 
активное воздействие на его продуктивную часть.  Для решения этой 






Выпускная квалификационная работа содержит 123 страницы,  12 
рисунков, 20 таблиц, 32 источника. 
Ключевые слова: ПЛАСТ, ЗАЛЕЖЬ, НЕФТЬ, ГАЗ, ЗАПАСЫ, 
ПРОНИЦАЕМОСТЬ, ПОДДЕРЖАНИЕ ПЛАСТОВОГО ДАВЛЕНИЯ, 
ГОРИЗОНТАЛЬНАЯ НАСОСНАЯ УСТАНОВКА, ОДНОВРЕМЕННО-
РАЗДЕЛЬНАЯ ЗАКАЧКА. 
Объектом исследования является месторождение Х. 
Целью данной выпускной квалификационной работы является анализ 
системы разработки данного нефтяного месторождения с поддержанием 
пластового давления путем закачки воды с применением горизонтальной 
насосной установки и технологии совместной работы одновременно-
раздельной закачки и циклического заводнения. 
В процессе исследования проводились замеры рабочих параметров 
при работе горизонтальной насосной установки, расчет приемистости 
скважины и потерь на трение в насосно-компрессорных трубах (НКТ) с 
использованием и без компоновки одновременно-раздельной закачки. 
Рассчитывалась система циклического заводнения. 
В результате работы проведен сбор, обобщение, переработка 
информации по данным работы горизонтальной насосной установки и 
системе воздействия на пласт: одновременно-раздельная закачка – 
циклическое заводнение. Проведен анализ эффективности ее работы по 
ключевым технологическим показателям. Проведен анализ уменьшения 
потерь на трение в НКТ. 
Степень внедрения: непосредственное наблюдение за работой 
горизонтальной насосной установки, расчет и ознакомление с параметрами 
циклического заводнения в технологическом отделе ЦДНГ-2.  
Область применения: пласты, находящиеся на большом расстоянии от 
кустовых насосных станций (КНС), при разработке которых используется 
система поддержании пластового давления путем закачки воды. 
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Экономическая эффективность работы заключается в обосновании 
рентабельности ввода в работу горизонтальной насосной установки, а также 
эффективности применения системы: одновременно-раздельная закачка – 
циклическое заводнение на месторождении Х.  
В будущем планируется запускать в работу дополнительные 





Water injection for to displace the remaining oil 
1 Injection wells 
1.1 Ground water 
Ground water is stored beneath the land surface of our local communities 
in formations of saturated rock, sand, gravel, and soil. Unlike surface water, 
ground water does not flow in a series of lakes and rivers. Instead, the precipitation 
that seeps into our soil continues its downward journey and eventually fills the 
pores of these subsurface formations. Ground water can also be contact with 
surface water bodies such as lakes and rivers. Formations that contain large enough 
amounts of water to feed springs or wells are called aquifers. Two factors 
determine the amount of water that aquifers can provide: porosity and permeability 
(picture A1). Porosity is a measure of the amount of pore space, or holes, present 
in a rock. The more pores present, the greater the rock’s ability to hold water. A 
rock with many pores has high porosity. Permeability refers to the degree to which 
the pores in the rock are connected, providing the ground water in the pores and 
cracks a way to move in the formation. Ground water is found in rock, sand, 
gravel, and soil at a wide variety of depths. Ground water is essential to our public 
water supply systems, economic growth, national agricultural production, and the 
overall quality of life that we all share whether or not we are personally dependent 
on it for drinking water [30] 
 
Picture A1 – porosity and permeability of aquifers [31] 
6 
 
Ground water can be extremely susceptible to contamination from a variety 
of common sources, including septic tanks, feed lots, fertilizer, highway de-icing 
salt, industrial processes, landfills, and underground storage tanks. It is important 
that these and other potential sources of contamination be handled in ways that 
protect ground water. Some wastes are generated by industrial processes that are 
difficult or impossible to treat to levels that are safe for discharge at the surface. 
These materials may contaminate ground water resources if not kept away from 
them. Some of these wastes, in liquid form, can be pumped into formations deep 
below the earth’s surface and permanently isolated from usable water resources. 
Sandstone, a highly porous rock, generally allows water to move through 
its pores easily. Some rock formations, including many shales and clays, have very 
low vertical permeability and act as confining layers to fluid movement. Fresh 
water -that is, water with lower salinities and mineral content - is usually located 
nearer the earth’s surface. Deeper rock formations contain water of limited quality 
or use, with high dissolved mineral content. Water with high salinity is not 
considered a potential source of drinking water. This is why these deep formations 
are used for disposal or injection of liquids. Since the passage of several legislative 
acts in the 1970’s that regulate waste disposal into water, air, and landfills, 
underground injection has grown in importance. In the petroleum industry alone, 
over two billion gallons of salt water are brought to the surface along with about 
two hundred million gallons of oil. The water is then separated, and reinjected deep 
underground each day. When disposed of at the surface, many of these fluids pose 
a risk of contaminating surface waters or ground water. 
 
1.2 Underground Injection Wells 
Underground injection is the placement of fluids into the subsurface 
through a well bore. Many of the wells used for injection are “high tech” in their 
construction, as discussed in this brochure. However, some are very simple, 
including dug wells, certain septic systems, and other shallow, simply constructed, 
subsurface fluid distribution systems. The practice of underground injection has 
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become essential to many of today’s industries, including the petroleum industry, 
chemical industry, food and product manufacturing companies, geothermal energy 
development, and many local small specialty plants and retail establishments. To 
dispose of fluids safely, the wells need to be in the right kind of geologic setting, 
properly constructed, operated, maintained, and checked through different kinds of 
monitoring (picture A2).  
In the late 1960’s, the realization that subsurface injection could 
contaminate ground water if wells were not properly located and operated 
prompted many states to develop  programs and methods to protect underground 
sources of usable water.  
 
Picture A2 – Injection well relationship to ground water [31] 
 
Injection wells are divided into five different classes. The classes are 
generally based on the kind of fluid injected and the depth of the fluid injection.  
Class I wells are used to inject industrial or municipal waste to a depth. Class II 
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wells are used to dispose of fluids associated with the production of oil and natural 
gas. Class III wells are used to inject fluids to aid in the extraction of minerals. 
Class IV wells were used to dispose of hazardous or radioactive wastes.  Though 
Class IV hazardous and radioactive waste disposal wells have been banned for 
many years, some are still periodically discovered and must be cleaned up and 
closed. Class V wells are all wells not included in Classes I-IV that are used to 
inject or dispose of non-hazardous waste. [31] 
 
1.3 Class II Injection Wells: Injection Wells Related to Oil and Gas 
Activity 
Class II injection wells have been used in oil field related activities since 
the 1930’s. Class II wells are subject to a regulatory process which requires a 
technical review to assure adequate protection of drinking water and an 
administrative review defining operational guidelines. The site’s subsurface 
conditions are evaluated to make sure the formations will keep the fluids out of 
drinking water sources.  
Class II wells are categorized into three subclasses: salt water disposal wells, 
enhanced oil recovery (EOR) wells, and hydrocarbon storage wells. 
 
1.4 Salt Water Disposal Wells 
As oil and natural gas are brought to the surface, they generally are mixed 
with salt water. Geologic formations are selected to receive the produced waters, 
which are reinjected through disposal wells and enhanced recovery wells. These 
wells have been used as a standard practice in the oil and gas industry for many 
decades and are subject to authorization by regulatory agencies. 
 
1.5 Enhanced Oil Recovery Wells 
Enhanced Oil Recovery (EOR) injection wells are used to increase 
production and prolong the life of oil-producing fields. Secondary recovery is an 
EOR process commonly referred to as water–flooding. In this process, salt water 
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that was co–produced with oil and gas is reinjected into the oil-producing 
formation to drive oil into pumping wells, resulting in the recovery of additional 
oil. Tertiary recovery is an EOR process that is used after secondary recovery 
methods become inefficient or uneconomical. Tertiary recovery methods include 
the injection of gas, water with special additives, and steam to maintain and extend 
oil production. These methods allow the maximum amount of the oil to be 
retrieved out of the subsurface.  
 
1.6 Hydrocarbon Storage Wells 
Hydrocarbon storage wells are generally used for the underground storage of crude 
oil and liquid hydrocarbons* in naturally occurring salt or rock formations. The 
wells are designed for both injection and removal of the stored hydrocarbons. The 
hydrocarbons are injected into the formation for storage and later pumped back out 
for processing and use. 
 
1.7 Construction Requirements 
Construction of Class II injection wells must adequately confine injected 
fluids to the authorized injection zone to prevent the migration of fluids. These 
injection wells are drilled and constructed using the same techniques as those for 
Class I wells, with steel pipe (called casing) cemented in place to prevent the 
migration of fluids. Surface casing in conventionally constructed wells is cemented 
up to the surface to prevent fluid movement. Cement is also placed behind the 
injection casing at critical sections to confine injected fluids to the authorized zone 
of injection. A typical salt water injection well also has the injection tubing that 
was described earlier, through which the fluids are pumped from the surface down 
into the receiving geologic formations (picture A3). In some cases, multiple wells 
will be constructed under one permit, to manage the fluids in an entire oil or 
natural gas production field. The overall well system for injection is then evaluated 




Picture A3 – Class  II wells – inject oil and gas production wastes [31] 
 
1.8 Operations 
Typically, oil, gas, and salt water are separated at the oil and gas 
production facilities. The salt water is then either piped or trucked to the injection 
site for disposal or EOR operations. There, the salt water is transferred to holding 
tanks and pumped down the injection well. For EOR, the salt water may be treated 
or augmented with other fluids prior to injection. In some EOR cases, fresh water, 
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or fresh water converted to steam, is injected to maximize oil recovery. Injection 
well operations are regulated in ways to prevent the contamination of water and to 
ensure fluid placement and confinement within the authorized injection zone. This 
includes limitations on factors such as the pressure that can be used to pump the 
water or steam into the well, or the volume of the injectate.  
 
1.9 Testing and Monitoring 
After placing Class II injection wells in service, ground water protection is 
assured by testing and monitoring the wells. Injection pressures and volumes are 
monitored as a valuable indicator of well performance. Effective monitoring is 
important since it can identify problems below ground in the well so that corrective 
action can be taken quickly to prevent endangerment of water. 
Tests that evaluate the conditions of the various well components and the 
formations in the subsurface are required prior to initial injection and no less than 
once every five years afterward. However, in some cases, more frequent testing 
may be required by regulatory authorities, if needed. Test data, as well as data on 
the volume and characteristics of the fluids injected into the well, are regularly 
evaluated by regulatory agencies to make sure water are protected by the operation 
and maintenance of the wells. 
 
1.10 Class III Injection Wells: Injection Wells Related to Mineral 
Extraction 
 Every Class III injection well, whether located in a Primacy or Direct 
Implementation state, must be permitted through the authorized regulatory agency. 
The operating permit requires that a well meet any regulations the state has 
adopted to ensure the protection of water. The permits may include specific 
requirements for well construction, monitoring, mechanical integrity testing, 
maximum allowable injection pressure, and reporting. Proper closure or plugging 




The techniques these wells use for mineral extraction may be divided into 
two basic categories: solution mining of salts and sulfur, and in situ leaching (in 
place leaching) for various minerals such as copper, gold, or uranium. 
 
1.11 Solution Mining 
Solution mining techniques are used primarily for the extraction of salts 
and sulfur. For common salt, the solution mining process involves injection of 
relatively fresh water, which then dissolves the underground salt formation. The 
resulting brine solution is pumped to the surface, either through the space between 
the tubing and the casing in the injection well, or through separate production 
wells. The technique for solution mining of sulfur is known as the Frasch process. 
This process consists of injecting superheated water down the space between the 
tubing and the casings of the injection well and into the sulfur–bearing formations 
to melt the sulfur. The molten sulfur is extracted from the subsurface through the 
tubing in the injection well, with the aid of compressed air, which mixes with the 
liquid sulfur and airlifts it to the surface.  
 
1.12 In Situ Leaching 
In situ leaching is commonly used to extract copper, gold, and uranium. 
Uranium is the predominant mineral mined by this technique. The uranium in situ 
leaching process involves injection of a neutral water solution containing nontoxic 
chemicals (e.g., oxygen and carbon dioxide) down the well. This fortified water is 
circulated through an underground ore body or mineral zone to dissolve the 
uranium particles that coat the sand grains of the ore body. The resulting uranium–
rich solution is then pumped to the surface, where the uranium is extracted from 
the solution and the leaching solution is recycled back into the ore body through 
the injection well. This same general technology is employed for in situ leaching of 
other minerals, the only difference being the type of fluid used in the process. The 




1.13 Construction and Testing 
Construction standards for Class III injection wells are designed to confine 
injected fluids to the authorized injection zone to prevent migration of these fluids 
into water. Class III injection wells are drilled into mineralized rock formations 
and are cased with pipe which is cemented in place to prevent fluid migration into 
water (picture A4). 
 
Picture  A4 – Class III wells – minimize environmental impacts from solution 
mining operation [31] 
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Construction materials and techniques vary and depend upon the mineral 
extracted and the nature of the injected fluids. Tests are required before initial 
operation of Class III injection wells to evaluate conditions of the well construction 
materials and the rock formations. Several different tests have been approved for 
this purpose. The tests are required to determine that there are no leaks in the 
tubing, casing, or packer and there is no fluid movement into a water. In situ 
leaching wells also require that the ore body be surrounded by monitoring wells to 
detect horizontal migration of the mining solutions. Additionally, overlying and 
underlying aquifers must be monitored to detect any vertical migration of these 




2 Enhanced Oil Recovery 
 
2.1 Water injection 
Conventional enhanced oil recovery, also known as secondary recovery or 
the water flood method, is a process in which saline or non-saline water is injected 
to displace the remaining oil in a pool by increasing or maintaining the fluid 
pressure (picture A5).  In some cases, an additional injectant such as a solvent or a 
gas is added along with the water. This is called a tertiary process. In conventional 
enhanced oil recovery, the volume of liquid produced partly determines the volume 
of water required for injection. The liquid produced is often a mixture of oil and 
saline water that is found naturally mixed in oil reservoirs. 
 
 
Picture A5 – Secondary or “Water Flood” Enhanced Oil Recovery Process [32] 
 2.2 Thermal Enhanced Oil Recovery 
Thermal enhanced oil recovery is a process that injects water as steam 
directly into oilsand deposits or conventional heavy oil pools. The steam heats the 
bitumen, making the heavy oil more liquid so that it can flow to production wells. 
There are two types of thermal enhanced oil recovery projects: 
- cyclic steam stimulation; 
- steam-assisted gravity drainage. 
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To recover bitumen or heavy density oil using the cyclic steam stimulation 
method, intermittent amounts of steam are injected into a well. The steam heats the 
area near the well, reducing the heavy oil thickness and allowing drainage to begin. 
Using this method, steam injection and production of crude bitumen is through the 
same single well.  
The Steam-Assisted Gravity Drainage, or SAGD, method involves a 
continuous injection of steam into oilsands through a horizontal injector 
well, which makes the bitumen liquid enough to drain into a lower production well 
(picture A6). The process requires precisely aligned horizontal pairs of wells, with 
the steam injector well drilled five to 10 meters above the production well.  
 
Picture A 6 – Thermal “Steam-Assisted Gravity Drainage” Process [32] 
1.3 Water Use and Trends 
Recent advances in technology have enabled the use of some saline 
groundwater in steam generation processes, as a portion of the source water needed 
for steam injection. This may help reduce the use of surface water and non-saline 
groundwater resources in the future. In summary, there has been a decrease in the 
overall amount of water used during the past 30 years, but an increase in the 





Были подобраны скважины-кандидаты и рассчитан режим 
циклического воздействия на пласт с целью увеличения нефтеотдачи. Была 
предложена совместная система воздействия на пласт циклическим 
заводнением с использованием технологии одновременно-раздельной 
закачки воды.  
В ходе написания магистерской диссертации была рассчитана 
экономическая эффективность применения горизонтальной насосной 
установки на кусту скважин. Были рассчитаны время циклического 
воздействия на пласт и увеличение забойного давления нагнетательных 
скважин при регулировки компоновки ОРЗ.  
В результате расчетов и практического применения метода 
циклического заводнения была доказана его технологическая эффективность, 
которая отражалась  в увеличении КИН и прироста добыча нефти в размере 
20-25 тыс. т. в год. Также аналитически была доказана эффективность 
совместного применения циклического заводнения и регулировки 
компоновки одновременно-раздельной закачки, которая даст 
дополнительный прирост добычи нефти.  
Циклическое (нестационарное) заводнение, можно применить на 
любой стадии заводнения. Этот метод достаточно эффективен и 
малозатратен. 
 Используя метод совместного использования циклического 
заводнения и регулировки компоновки ОРЗ постоянно до конца разработки 
можно добиться прироста коэффициента нефтеизвлечения в размере 5-10%. 
АННОТАЦИЯ 
Аналитический расчет эффективности применения одновременно-
раздельной закачки на отдаленных кустах. Воздействие на пласт с аномально 
низкой проницаемостью системой поддержания пластового давления 
 
